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Introduction 


The  Octodon  degus  is  a  common  rodent  of  central  Chile.  Like 
many  of  the  South  American  rodents,  it  is  a  hystriccmorph 
(Meunier  and  Fischer,  1985) .  The  degu  has  shown  some  potential 
as  a  research  subject  in  medical  laboratories  in  the  United 
States  (bulk,  1976).  Also,  it  is  moderately  tolerant  of  heat 
stress.  Thus,  the  degu  may  prove  to  be  a  new  animal  model  that 
could  be  used  in  future  studies  of  hearing  loss,  especially  under 
field  conditions.  The  current  animal  model  for  hearing  loss 
studies  at  the  U.S.  Army  Aeromedical  Research  Laboratory  (USAARL) 
is  the  chinchilla.  Since  both  the  degu  and  the  chinchilla  are 
hystricomorph  rodents,  it  is  hoped  that  many  similarities  exist, 
especially  in  their  audiograms.  Here  at  USAARL,  we  have  observed 
the  degu  to  be  a  more  prolific  breeder  than  the  chinchilla. 

To  accomplish  uuditory  research,  monaural izations  and 
electrode  implants  are  necessary.  These  technigues  require  a 
safe  and  satisfactory  regimen  of  anesthesia.  A  search  of  the 
literature  revealed  the  degu  may  be  difficult  to  anesthetize 
(Letelier,  Del  Villar,  and  Sanchez,  1985;  Letelier,  Sanchez,  and 
Del  Villar,  1984;  Paeile  et  al.,  1984). 

Isoflurane  (Forane8)  has  been  shown  to  be  a  safe  and 
effective  anesthetic  agent  for  chinchillas  (Hargett  and  Record, 
1989)  .  The  rapid  induction  of  and  rapid  recovery  from  inhalation 
anesthesia,  when  compared  with  injectables  used  for  surgical 
anesthesia  in  chinchillas,  have  been  established  (Hargett  et  al., 
1988) .  Experience  at  USAARL  has  shown  that  20  to  2C  minutes  of 
surgical  anesthesia  is  sufficient  for  most  procedures.  For  this 
reason,  we  have  used  inhalation  anesthesia  ror  most  surgical 
procedures . 

Isoflurane,  a  nonflammable  liquid,  is  a  new  inhalation 
general  anesthetic.  Induction  of  and  recovery  from  isoflurane 
are  rapid.  The  level  of  anesthesia  may  be  changed  rapidly  with 
isoflurane.  Nitrous  oxide  reduces  the  inspiratory  concentration 
of  isoflurane  required  to  reach  a  desired  level  of  anesthesia  and 
may  reduce  the  arterial  hypotension  seen  with  isoflurane  alone. 
Surgical  levels  of  anesthesia  may  be  sustained  with  a  1.0  -  2.5 
percent  concentration  when  nitrous  oxide  is  used  concomitantly. 

An  additional  0.5  -  1.0  percent  may  be  required  when  isoflurane 
is  given  using  oxygen  alone  (Anaquest,  1987). 

The  present  study  was  undertaken  to  evaluate  the  success  of 
isoflurane  in  inducing  surgical  anesthesia  in  the  degu.  The 
inhalation  anesthesia  was  delivered  by  mask  using  a 
nonrebreathing  system. 


Methods  and  materials 


This  study  used  10  healthy  1-  to  2-  year  old  adult  male  and 
female  degus,  weighing  from  192  grams  to  298  grams,  with  a  mean 
weight  of  210  grams.  These  degus  were  from  the  USAARL  issue 
colony  and  were  housed  in  pairs  in  clear  plastic  cages  with  wire 
tops,  approximately  43X23X21  cm  (Figure  1) .  Bedding 
material  lining  these  cages  was  ground  corn  cobs  roughly  6  cm 
deep.  They  were  provided  with  a  commercial  rodent  ration*  and 
water  ad  libitum. 

The  degus  were  not  deprived  of  food  or  water  before  the 
experiment  and  were  returned  to  their  cages  upon  being  able  to 
stand  unaided.  Animals  were  assigned  randomly  to  each  of  four 
conditions.  Surgical  depth  was  defined  as  the  loss  of  righting 
reflex  followed  by  the  loss  of  toepinch  reflex  and  was 
corroborated  by  subjectively  evaluating  the  subject's  general 
appearance  and  vital  signs.  The  following  data  were  gathered  on 
each  subject:  Respiration  rates,  time  to  loss  of  righting  reflex, 
time  to  loss  of  toepinch  reflex,  time  from  removing  the 
anesthetic  to  return  of  toepinch  reflex,  and  time  from  removing 


*  See  Appendix  A 


Figure  1.  Degus  shown  in  typical  laboratory  housing  cage,  with 
the  top  removed  for  better  viewing. 
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the  anesthetic  to  standing  unaided.  The  time  at  surgical  depth 
was  limited  to  20  minutes.  This  is  neither  a  minimum  nor 
maximum  for  the  techniques  tested,  but  merely  a  convenient 
benchmark.  All  times  were  taken  with  a  stopwatch  and  rounded  to 
the  nearest  5  seconds. 

Each  degu  was  anesthetized  using  a  nonrebreathing  system 
employing  a  face  mask.  The  degus  were  placed  on  a  padded 
surface,  and  their  heads  were  inserted  into  the  mask  (Figure  2) . 
They  were  physically  restrained  until  they  lost  their  righting 
reflex.  A  setting  of  5  percent  isoflurane,  with  a  flow  rate  of  2 
liters  per  minute  of  nitrous  oxide  and  1  liter  per  minute  of 
oxygen,  was  used  for  induction.  When  the  toepinch  reflex  was  no 
longer  present,  the  degu  was  removed  from  the  mask,  its  eyes  were 
lubricated  with  Lubrifair'  to  prevent  corneal  drying,  and  it  then 
was  returned  to  the  mask.  The  loss  of  toepinch  reflex  was  taken 
to  be  the  beginning  of  surgical  anesthesia. 


Each  degu  was  maintained  at  surgical  depth  by  using  a  1.0, 
1.5,  2.0,  or  3.0  percent  isoflurane  setting,  with  a  flow  rate  of 
1.5  liters  per  minute  of  both  nitrous  oxide  and  oxygen  (Figure 
3).  At  the  end  of  20  minutes,  the  isoflurane  and  nitrous  oxide 
were  turned  off  (no  flow)  and  the  oxygen  flow  was  maintained  at  3 
liters  per  minute.  This  allowed  the  degu  to  return  to 
consciousness  rapidly,  without  complications  induced  by  nitrous 
oxide  (Soma,  1971) . 
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Figure  2.  A  degu  being  held  in  the  mask  at  the  time  ot  induction 
of  anesthesia. 


ft 


Figure  3. 


A  degu  being  maintained  at  surgical  anesthesia 


Results  and  discussion 


All  10  degus  were  masked  and  induced  in  the  same  manner. 
After  loss  of  toepinch  reflex,  each  subject  was  maintained  at  the 
respective  isoflurane  flow  rate  for  20  minutes.  Subject  1020  was 
maintained  at  1.0  percent  isoflurane  which  resulted  in  a  return 
of  the  toepinch  reflex,  but  not  the  righting  reflex,  during  the 
20  minutes  of  anesthetic  flow.  Time  to  standing  unaided  for  this 
subject  was  the  fastest  for  any  degu  in  this  study.  See  Table  1 
for  complete  summary  of  results. 


Table  1. 

Isoflurane  anesthesia  by  rates  of  flow 


Sub j  ect 

Dose 

(1) 

(2) 

(3) 

(4) 

1048 

2 . 0% 

0:  30 

0 :  GO 

1:30 

6:20 

480 

2 . 0% 

0:30 

0:45 

1:30 

4  :  00 

493 

2 . 0% 

0:30 

0:45 

1 : 15 

6:  30 

1034 

2 . 0% 

0:30 

0:45 

1 :  45 

4  :  35 

D-4 

2 . 0% 

0:30 

0:45 

1 :  15 

3  :  30 

D-2 

2 . 0% 

0:30 

0:45 

1 : 15 

4:35 

Mean 

0:30 

0:47.5 

1:25 

4  :  57 

1032 

1 . 5% 

0:40 

0:40 

1:30 

6:25 

1014 

1 . 5% 

0:40 

1:00 

NA 

7  :  00 

1020 

1 . 0% 

0:35 

1:05 

NA 

2:45 

483 

3 . 0% 

0:30 

0:30 

2  :  15 

6:50 

(1) 

Time  to 

loss  of 

righting 

reflex 

(2) 

Time  to 

loss  of 

toepinch 

reflex 

(3) 

Time  to 

return 

of  toepinch  reflex 

(4) 

Time  to 

standing  unaided 

NA  = 

Toepinch 

returned  during 

time  subject 

was  on 

isoflurane 

Subjects  1014  and  1032  were  maintained  at  1.5  percent 
isoflurane.  Toepinch  reflex  returned  during  the  20  minutes  on 
subject  1014,  but  not  on  1032.  Both  subjects  were  able  to  stand 
unaided  between  6  and  7  minutes. 

Six  subjects  were  maintained  at  2.0  percent  isoflurane. 

These  degus  had  an  average  induction  time  of  30  seconds.  Consult 
Table  1  for  details.  Average  time  to  loss  of  toepinch  reflex  was 
47.5  seconds.  Average  time  to  return  of  righting  renex  was  1 
minute  and  25  seconds.  Average  time  to  standing  unaided  was  4 
minutes  and  57  seconds. 
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Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  ATCD-ZX 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

Command  Surgeon 
U.S.  Central  Command 
MacDill  Air  Force  Base 
FL  33608 


Air  University  Library 
(AUL/LSE) 

Maxwell  AFB ,  AL  36112 


Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  Detrick,  Frederick, 

MD  21701 

Defense  Technical 

Information  Center 
Cameron  Station 
Alexandria,  VA  22313 


U.S.  Army  Foreign  Science 
and  Technology  Center 
ATTN:  MTZ 

220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 

ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN :  Surgeon 

Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 

TMC  #22,  SAAF 

Fort  Bragg,  NC  28305 


U.S.  Air  Force  Armament 

Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  3254.' 


U.S.  Army  Missile  Command 
Redstone  Scientific 
Information  Center 
ATTN:  Documents  Section 

Redstone  Arsenal,  AL  35898-5241 

U.S.  Army  Research  and  Technology 
Labortories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 
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Director  of  Professional  Services 
AFMSC/GSP 

Brooks  Air  Force  Base,  TX  78235 


U.S.  Army  Dugway  Proving  Ground 
Technical  Library 
3Bldg  5330 
Dugway,  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 


AFFTC  Technical  Library 
6520  TESTG/ENXL 
Edwards  Air  Force  Base, 
CAL  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Aeromechanics  Laboratory 
U.S.  Army  Research 
and  Technical  Labs 
Ames  Research  Center, 

M/S  215-1 

Moffett  Field,  CA  94035 

Sixth  U.S.  Army 
ATTN :  SMA 

Presidio  of  San  Francisco, 

CA  94129 

Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  Section,  USAFSAM/TSK-4 
Brooks  Air  Force  Base,  TX  78235 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 

U.S.  Army  White  Sands 
Missile  Range 

Technical  Library  Division 
White  Sands  Missile  Range, 

NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  SAVTE-M  (Tech  Lib) 

Stop  217 

Edwards  Air  Force  Base, 

CA  93523-5000 

Ms.  Sandra  G.  Hart 
Ames  Research  Center 
MS  239-5 

Moffett  Field,  CA  94035 
Commander 

Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 

Presidio  of  San  Francisco, 

CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick, 

MD  21701-5009 
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Commander,  U.S,  Army 
Aviation  Center 
Directorate 

of  Combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 
Chief 

Army  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 


U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN :  STEBG-MP-QA 

Cairns  AAF 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick 
MD  21701 


Directorate 

of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
Chief 

Human  Engineering  Laboratory 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-T-ATL 

Fort  Rucker,  AL  36362 

President 

U.S.  Army  Aviation  Board 
Cairns  AAF 

Fort  Rucker,  AL  36362 
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